ABSTRACT: The diet of Hyporhamphus melanochir underwent shifts from green eelgrass (Zosteraceae) tissue during the day to mainly benthic dwelhng amphipods and other invertebrates at night. The shifts occurred sharply at dawn and dusk and were observed in all size groups of the fish (range of lengths 10.0 to 29.8 cm). H. melanochir probably took detached eelgrass leaves from the water column durlng the day but may also have grazed live eelgrass. Feeding on benthic dwelling amphipods was facilitated by nocturnal vertical migration of these prey. Animals, particularly crustaceans, but also Insects, appear to be the preferred prey of garfish. Eelgrass 1s probably consumed during the day because crustacean prey are rare in the water column at that time. The feeding strategy of H. melanochir appears to be an adaptation to diel changes in food ava~lability as well as the fishes' metabolic requirements
INTRODUCTION
Many members of the family Hemiramphidae, the garfish or half-beaks, are associated with shallowwater seagrass meadows, and seagrass tissue forms a major portion of their diets (e, g. Thomson, 1959; Randall, 1967; Carr and Adams, 1973; Coetzee, 1979 cited in Day et al., 1981 McRoy and Helfferich, 1980) . In Australia, much qualitative information on the diet of the southern garfish Hyporhamphus melanochir suggests that it is a true herbivore, feeding primarily on eelgrass (Zosteraceae) (e. g. Ling, 1958; Thomson, 1959; Wood, 1959; Scott et al., 1974) . However, it is difficult to reconcile the short, straight gut of H. melanochir with a truly herbivorous existence, since large relative gut lengths are necessary for the digestion of plant tissue in most obligate herbivorous fish ( e . g . Ogden and Lobel, 1978; Hofer and Schiemer, 1981) .
As a first step to understanding the feeding and nutrition of Hyporharnphus melanochir, this paper The study shows that the feeding strategy of H. melanochir is more complex than previously reported.
METHODS
Most sampling of Hyporhamphus melanochir was undertaken at Crib Point, Western Port Bay (38" 21' S, 145" 13' E), while a detailed 24-h study of dietary shifts was carried out at nearby Duck Point, Corner Inlet (38" 47' S, 146" 15" E) (Fig. 1) . Both areas are characterized by extensive intertidal and shallow subtidal mudflats which support large meadows of eelgrass (Zostera muelleri and Heterozostera tasrnanica). A detailed description of the major study site at Crib Point is given in Robertson (1977) .
A beach seine net (50 X 1.5 m, 1.27 cm mesh) was used to capture fish. At Crib Point a number of nettings (between 2 and 9) were undertaken during day and night on each of 16 sampling dates between 1974 and 1976 as part of a large study of the fish fauna associated with eelgrass meadows (Robertson, 1980) . Garfish were not captured on all sampling dates and there
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were insufficient fish to give a reliable idea of seasonal dietary shifts. However, by pooling all individuals (134), enough data were available for an analysis of day and night diets for different size groups of fish.
Once captured, fish were immediately placed in a 10 % formalin seawater solution after the body walls of large individuals were opened to allow rapid preservation of gut contents. In the laboratory the length to caudal fork (LCF) was recorded for each fish, the gut removed and the gut contents placed in a Petri dish. After sorting, using a dissecting microscope, the representation of each food category was scored both as percentage occurrence and percentage volume (Robertson, 1977) .
Details of diel shifts in diet were investigated by analysing the gut contents of fish captured at 3-h intervals during a 24-h period in November 1981 at the Corner Inlet study site. Between 10 and 15 fish (14 to 18 cm LCF) from each sample were retained for analyses of stomach contents. For each fish the relative position and proportions (by dry weight) of eelgrass and animal remains in the gut as well as the fullness (total weight of food X 100/weight of fish) were recorded.
RESULTS

Size and Age
The size distribution of all fish captured at Crib Point was similar for night and day samples (Fig. 2) . In South Australia, male and female Hyporhamphus melanochir mature at 26 and 25 cm LCF respectively (Ling, 1958) . If the same is true in Victoria then most specimens captured in this study were immature. Reference to length at age data in Ling (1958) indicates that most fish were between 1 and 3 yr of age when captured. 
Diet and Feeding Behaviour
There was a clear diel change in the diet of Hyporhamphus melanochir (Table 1) . During the day, green eelgrass tissue was present in the guts of 93 % of fish; it constituted almost 70 % of the total volume of food consumed. Insects were also important prey, and amphipods and natantian larvae made up most of the remaining food. In contrast, amphipods (3 main spp.) were by far the most important prey at night. Eelgrass tissue was consumed by one third of fish and was only 18 % of the total volume of food. Polychaetes also contributed significantly to the total volume of the diet, but were only consumed by a small number of fish (Table 1) . The mean relative gut length (gut lengthkotal body length) for a sample of 69 fish from 1974 was 0.53. All eelgrass tissue in the guts of Hyporhamphus melanochir had been highly macerated by the pharyngael plates. Eelgrass in the foregut was always fresh and green while that in the hindgut was almost colourless. Microscopic examination of the material in the hindgut showed that most plant cells were empty.
The pattern of daytime herbivory followed by nocturnal feeding on mainly crustacean prey occurred for all sizes of fish captured in the present study (Fig. 3) . Eelgrass made up more than 70 % of daytime diets for all size groups except fish between 17.5 and 19.9 cm LCF, which consumed a large quantity of insects. Five fish contained all the insects consumed by this group. These fish were captured in the warmest months of the year (between December and April). Insects are most abundant in bushland adjacent to the study area during this period and presumably form a n abundant food resource for mid-water feeding fish when swept into the ocean by the prevailing offshore winds. Small amounts of amphipods, natantian larvae and polychaetes were also found in most size groups of fish captured during the day.
The major food of all size groups captured at night was amphipods, although polychaetes were taken in large quantities by fish between 15.0 and 19.9 cm LCF (Fig. 3) . Many of these polychaetes were epitokous nereids, indicating that they may have been consumed while swimming in the water column. Eelgrass was only a small portion of the nocturnal diet of most size groups.
The detailed, diel feeding study revealed that dietary shifts between plant and animal foods were more clear cut than the previous data suggested (Fig. 4) . Fish began to feed on eelgrass immediately after dawn, but at the first daylight sampling fish still retained crustacean material in their hindguts. Fish contained only eelgrass until sunset, after which feeding on crustaceans began, but some eelgrass was found in the hindgut of fish during the night. Nearly all eelgrass was gone before dawn. These data suggest that in the earlier, less detailed study of the diets, samples which were taken say, early in the morning would have contained animal material, although fish were only feeding on eelgrass a t that time. Similarly samples taken during the night would contain eelgrass in the hindgut when fish were feeding only on crustaceans. The plot of the fullness index during the 24-h period showed a peak at 1300 h, on a flood tide, and a high point at 0100 h on the previous flood tide. Enough -ANIMAL C z W water remained over the eelgrass flats for feeding to continue during low tide periods (Fig. 4) .
The marked diel dietary shift from eelgrass to mainly amphipods has not previously been reported for Hyporhamphus melanochir (e.g. Thomson, 1959; Wood, 1959) or for other hemiramphids, although omnivory among other members of the family is well known (e.g. Randall, 1967; Carr and Adams, 1973) .
Garfish and half-beaks are presumed to be midwater and surface feeding fish (Lagler et al., 1977) and have been observed taking seagrass leaves which are detached and floating near the waters surface (Carr and Adams, 1973) . This may also be true for Hyporhamphus melanochir. However, eelgrass in the foregut is always green and fish at the Corner Inlet study site were observed moving amongst living eelgrass plants near the bottom, suggesting that they may bite off living leaves as well.
A seeming paradox is how Hyporhamphus melanochir feeds on benthic dwelling amphipods during the night. The answer probably lies with the vertical migratory movements of the 3 major amphipod species consumed by H. melanochir. Previously it has been shown that large numbers of the amphipods Paradexamine churinga, Tethygeneia nalgo and Metaphoxus W . P, sp. 1 move up into the water column during the night at the Crib Point study site, presumably to locate mates or to disperse, and they are then consumed by H. melanochir and other mid-water feeding fish (Robertson and Howard, 1978) . Fish in the present study were captured in all seasons throughout a 3-yr period; this suggests that vertical migration among these amphipods is not limited to the summer period reported in Robertson and Howard (1978) . The suddenness of the dietary shift is probably explained by the immediate activity of amphipods and other invertebrates above the eelgrass canopy after sunset (Robertson and Howard, 1978) .
Some small changes in feeding habits are often superimposed on the more general pattern. For instance insects may become abundant on the water surface at some times during the year (see 'Results'), and are then often taken by Hyporhamphus melanochirduring the day. Natantian and brachyuran larvae are also seasonally abundant in the water column (Robertson and Howard, 1978) and are sometimes included in the daytime diet. Likewise, at night, epitokous polychaetes were sometimes consumed by some size groups of H. melanochir, when polychaetes were presumably swimming in the water column. In addition, crustacean prey consumed at night at the Corner Inlet study site contained epiphytal isopods which are not known to swim in the water column. This suggests that perhaps some benthic feeding also occurs.
Gut-fullness data suggests that the period of maximum food consumption was during flood tides, irrespective of night or day. Rising tides probably float many detached eelgrass leaves out of eelgrass meadows, and thus make this food source more available to mid-water and surface feeding Hyporhamphus melanochir during the day. Amphipods rise into the water column on flood tides at night and their numbers decrease on falling tides (Robertson and Howard, 1978) , thus favouring more intensive feeding during nocturnal rising tides. It is reasonable to assume that floating or attached eelgrass leaves are equally abundant throughout a 24-h cycle. If so, the inclusion of animal prey (particularly crustaceans) in the daytime diet during periods when they became available in the water column suggests that animals, not eelgrass, were the preferred food of H. melanochir.
The feeding strategy of Hyporhamphus melanochir must also be viewed in the light of its metabolic demands as well as the pattern of food availability. Our preliminary examinations of eelgrass in the hindgut suggest that maceration of the tissue by the pharyngael teeth aids the digestion of cell contents, but the very small relative gut length and the estimated passage time for eelgrass (7.5 h, -2030 to 0400; Fig. 4 ) probably do not allow much cellulose digestion to take place (e. g. Kapoor et al., 1975; Hofer and Schiemer, 1981) . Green eelgrass tissue has a carbon to nitrogen ratio much higher than that required to support animal growth (e. g. Phillips and McRoy, 1980) and since so little of the ingested eelgrass appears to be assimilated by H. melanochirit is probable that the consumption of animal tissue is necessary to balance the fishes' nitrogen budget.
